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Abstract — 1/3

The developments of various types of geosynthetic-reinforced
soil (GRS) structure with full-height rigid (FHR) facing, including
those for High-Speed Railways, for the last about 45 years are
reported. The total wall length has exceeded 221 km as of April

2025.

In the 1980’s, GRS Retaining Wall (RW) —

_ _ Full-height rigid facing
was developed. With this structures, after . I
the deformation of the backfill and o )
subsoil by the construction of reinforced
backfill has taken place, the FHR facing
Is constructed by casting-in-place fresh
concrete directly on the geogrid-wrapped
wall face.




Abstract — 2/3

In the early 1990’s, GRS Bridge Abutment was developed. With

these structures, the FHR facing supports each end of a simple
girder via a bearing. In total about 200 have been constructed.

In the early 2000’s, GRS Integral Bridge was developed. Both
ends of a continuous girder are integrated to the top ends of FHR
facings of a pair of GRS RWs. 14 have been constructed.
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Abstract — 3/3

A number of conventional type embankments, RWs and bridges
that collapsed by severe earthquakes, floods, ocean storm waves,
tsunamis etc. were restored to RRR GRS structures with FHR
facing.

The performance of all these RRR GRS structures during and
after construction is satisfactory while very high cost-effectiveness
has been validated.
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High-Speed Railways (Shinkansen ), 2025
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Mantaro site

Hokkaido Shinkansen (High Speed Railway)

GRS structures Lsgr%tge?r Maximh)elght!
R GRS RW 4,500 m 11.0
A GRS Bridge Abutment 41 13.4
| GRS Integral Bridge 1 6.1
B GRS Box Culvert 3 8.4
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Mantaro site, Hokkaido Shinkansen

GRS Box Culvert
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GRS: Geosynthetic-Reinforced Soil

GRS Bridge Abutment




GRS Bridge Abutment

1. Shallow ground improvement
when necessary

13.4 m-high, Mantaro site

. Completed
Aug. 2012

Under onstruction
Oct. 2011



High-Speed Railways (Shinkansen ), 2025
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GRS RWs at Omura Depot

Total wall length: 1.7 km
Total wall area: 17,200 m?
Average wall height: 9 m
Maximum wall height: 12.4 m
GRD RW area: 240,000 m?




In this route of High-Speed Railway, in total 88 bridge abutments
were constructed at the tunnel exits.
Among 88, 78 (i.e., 89 %) are RRR GRS Bridge Abutments !

GRS Tunnel
Entrance/ Exit
Protectlon

GRS Brldge Abutment =

GRS RW (wing
wall)

(By the courtesy of JRTT)



Kyushu Shinkansen, Nishi-Nihon Route, San-nose Tunnel
27 Oct. 2022




GRS Bridge
Abutment




GRS Integral Bridge at Genshu, construction procedure

1. Excavation of subsoil

2. Construction of approach fills Unreinforced

Geogrid-reinforced well- backﬂll\

compacted lightly cement- %;/
mixed gravelly soil — ‘

;:A

N\
) 7/
XOSOSEXOXAX X LN

N\ P %

Soga et al. (2018) & JRTT



GRS Integral Bridge at Genshu

3. Construction of FHR RC facings after the deformation of the
backfill & subsoil has taken place sufficiently
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Arrangement of a 30 m-long PC girder

g GRS Integral
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GRS Integral Bridge at Genshu

5. Structural integration of both ends of the girders to the FHR
facings, then construction of slab & others to complete the bridge
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Completed GRS Integral Bridge at Genshu

o

August 2022

GRS Tunnel Entrance/Exit
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GRS Tunnel Entrance/Exit Protection

20350 _ Lightly cement-mixed gravelly soll
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FHR RC facing (t= 30cm),
structurally separated from RC tunnel lining

Arrangement of Construction of GRS wallé Constructlon of FHR

geogrid layer on both sides of tunnel

Soqga etal. (2018) & JRTT

RC facing



High-Speed Railways (Shinkansen ), 2025
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GRS Integral Bridge under construction

Oshamanbe site, // e
Hokkaido Shinkansen
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GRS Integral Bridge under construction

Oshamanbe site, S .
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History of RRR-GRS structures (as of April 2025)
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Locations of completed RRR-GRS RWs, Bridge Abutments,
Integral Bridges etc. (April 2025)

Total completed wall length: 221 km
Total number of project sites: 105(30)
1,466 (including 4 oversea sites)
RRR-GRS Bridge Abutments: 196
RRR-GRS Integral Bridges: 14
No problematic case during & after
construction in all these projects

Hokkaido

Kyushu Shinkansen Shinkansen*

Shinkansen* denotes
High-Speed Railway, HSR

324(90) 386(2) gqriaay - 203(4)

No. of GRS structure sites No. of GRS Bridge Abutments
& GRS Integral Bridges




Summary:

A number of Geosynthetic-Reinforced Soil (GRS) structures with
FHR facing have been constructed in place of conventional type
RWs, bridge abutments & simple girder bridges. In Japan, these
GRS structures have become the standard railway soil structures.

GRS structures have been also constructed for roads. Besides,
they were constructed at several oversea sites in Vietnam,
Indonesia and Philippines, and soon in India.

This success can be attributed to the fact that, compared with
conventional type soil structures, these RRR-GRS structures
exhibit:
1. higher performance against

- long-term static & traffic loads; and

- severe earthquakes, heavy/prolonged rainfalls, strong floods,

ocean stormwaves & tsunamis; and

2. lower cost for construction & long-term maintenance.
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Various types of mechanically stabilized earth (MSE) RW:
flexible vs. stiff facing and inextensible vs. extensible reinforcement

Facing
Reinforcement

Flexible, not developing high
earth pressure on the facing

Stiff, developing high earth
pressure on the facing

Inextensible:
e.g., metallic strip

a) Metallic skin facing

b) Discrete concrete
panel facing

Extensible: typically
polymeric planar
geogrid

c) Wrapped-around facing

Typically,
d) Modular block facing; &
e) Full-height rigid (FHR) facing

a)
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around

facing
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- Metallicstip - Metallic strip RRR GRS RW
B 2 Geogrid
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Facing
Reinforcemen

Flexible, not developing high
earth pressure on the facing

Stiff, developing high earth

pressure on the facing

Inextensible:
e.g., metallic strip

a) Metallic
skin facing

e.g., b) Discrete i

concrete panel "
facing

TR

Extensible: typically
polymeric & planar

(e.g., geogrid)

e.g., d) Modular block facing,

Reinforcemen

& e) FHR facing
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Previously, many considered that:
- for small wall deformation and high wall stability,
it is necessary to use inextensible reinforcement, such as metallic
strips (i.e., a & b).

However, this notion is not realistic !
That is, although geogrid is relatively extensible,

- geogrid reinforcement is planar with a high pull-out strength;

- geogrid is stiff enough to effectively reinforce the backfill
when arranged at a small vertical spacing (e.g., 30 cm); and
- geogrid is free from corrosion.



Facing |Flexible, not developing high | Stiff, developing high earth

Reinforcemen earth pressure on the facing |pressure on the facing

Inexten3|bI§: a) Metallic b) Discrete

e.g., metallic strip skin facing concrete pane
facing

Typically, d) Modular block facing,
& e) FHR facing

Extensible: typically
polymeric planar
geogrid
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Previously, many considered that:
- facing is necessary only to prevent the spilling out of backfill; and
- the earth pressure on the facing should be kept low

for small wall deformation and high wall stability,

so, flexible facing (e.g., a or c¢) is sufficient.

However, we often observed that:

when using flexible facing (e.g., a or ¢), the earth pressure is low,
whereas the wall deformation is large, sometimes too large,
indicating the paramount importance of using stiff facing to develop high
earth pressure.



When the facing is flexible ..........

Unstable

) Very low earth pressure on
active zone

the facing, results into:

— low tensile forces in the
reinforcement, in
particular at low levels In

the wall; and

Very low or . : :
oleastn 'F;fe";;j’rr;f'”'”g — in the active zone,
pressure low confining pressure,

therefore, low strength &

stiffness of the backfill,
so, large wall deformation &
low stability of the wall

Low tensile force




Facing [Flexible, not developing high |Stiff, developing high earth

Reinforcemen earth pressure on the facing Jpressure on the facing
Inextensible: a) Metallic b) Discrete E -
e.g., metallic strip skin facing concrete panel g e
facing oo Reiforcement
B

Extensible: typically | ¢)Wrapped-around facing | Typically, d) Modular block
polymeric planar facing, & e) FHR facing

. " Geogrid )
geogrid —
---------- FHR
Modular H---=====--- facing
block  fH-=-======--
facing Er---mmmmmm- Backfill
-----------
WE ----------- S ==

On the other hand, we consistently observe that:
when the facing is stiff and firmly connected to the reinforcement
layers (e.g., b, d & e), large earth pressure develops,
which results in small wall deformation and high wall stability.



When stiff facing is firmly connected to reinforcement....
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High
earth
pressure

" High confining

High earth pressure on the

facing, resulting into:

— high tensile forces in the
reinforcement (even at low
levels in the wall); and

— In the active zone,
high confining pressure,
therefore, high strength &
stiffness of the backfill,

so, small wall deformation &
high stability of the wall

Very stable
active zone

pressure

High tensile force

High connection force




Facing
Reinforcemen

Flexible, not developing high
earth pressure on the facing

Stiff, developing high earth

pressure on the facing

Inexten3|bI?: | a) Metallic b) Discrete B
e.g., metallic strip skin facing concrete panel -
facing _ ==
Extensible: typically d) Modular
polymeric planar block facing | e) FHR facing
geogrid g
- — N

The use of facing of discrete panels or modular blocks (i.e., b or d)

decreases the wall deformation and increase the wall stability.

However, the use of e) full-height rigid (FHR) facing is much more
effective for high wall stability and small wall deformation; and much
more advantageous in many aspects.
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First of all,
conventional type RW is a cantilever structure!

B Large forces in the facing, requiring
massive & strong facing structure

Earth
pressure

B Large overturning moment &
large lateral thrust load at the
facing base,
resulting into large stress
concentration at the facing base; &

Stress concentration unstable behaviour, particularly by

severe seismic loads.

So, usually a pile foundation is
required.




Collapse of gravity walls (one type of cantilever RW)
Ishiyagawa, 1995 Kobe Earthquake

After 1995 Kobe
Earthquake

Overturnlng fallure in splte of seismic
design using k.= 0.2 with (F)4iowabie= 1-2-
= The conventional seismic design is not
sufficient against severe seismic loads.
= More stable wall type is required,
one of the solutions is
GRS RW with FHR facing



FHR facing for GRS RW is “a continuous beam supported
by many reinforcement layers at a small span” - based on a
mechanism that is utterly different from cantilever structures

= several important advantages

.

Earth
pressure

Very small forces

o

EEEEEEEEEEEN |nthefaC|ng,
Reinforcement |- ) so a simple
EEEEEEEEEEER StrUCturels
llll\&llllllll SEEEEEEEEEREETR SUﬁlClent

\

Small overturning moment & small lateral thrust load at the
facing base =

a pile foundation becomes unnecessary, and

the wall becomes stable even against severe seismic loads




Immedlately after completion, 1992

- GRS RW with FHR
4 Rxallway ‘ & n 4 »

facing at Tanata
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£ o ] sery high performance during
5 m a severe earthquake

? Geogrid
¢ (TR=29 kN/m)

GRS RW with a FHR facing
for a rapid transit at Tanata




Immedlately after completlon 1992

GRS RW with FHR
facing at Tanata

& -"T”’Very high performance during
54 m a severe earthquake

Yet, 1) noticeable shear deformation = 2.7 %; &

2) lateral displacement at base dg/H = 2 %,

slightly exceeding allowable limit of wall deformation
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7 Geogrid
¢ (TR=29 kN/m)

GRS RW with a FHR facing
for a rapid transit at Tanata
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Immedlately after completlon 1992

GRS RW with FHR
facing at Tanata

'“T:Very high performance during
» | m a severe earthquake

Yet, 1) noticeable shear deformation = 2.7 %; &
2) lateral displacement at base dg/H = 2 %,
slightly exceeding allowable limit of wall deformation

= \.\ "‘ \g
£ P

GRS RW with a FHR facing \ 1) '-,‘

for a rapid transit at Tanata O

This wall deformation was not large, but notlceable which was due to that all

the geogrid layers were short, only 2 m, 0.4 times the wall height H=5 m.

= This design was adopted as an exceptional case, because: a) the use of
longer geogrid layers interacting with existing railway tracks on this wall was
not allowed; and b) “F.2 allowable minimum=1.5" was satisfied in the seismic
design using k= 0.2 following the design code effective at the time of the
design of this wall.




Shaklng table tests simulating RWs during the 1995 Kobe E.Q.

Gravity type RW

FuIIy coIIapsed

Air-dry Toyoura
sand (D,=88%)

140 ’I\ ~ Only a limited amount
Surchrge 1kPa . of deformation

Six railway tracks

GRS RW with
FHR facing (R1)

Reinforcement (10 layers):

grid of phosphor-bronze
strips (t=0.2mm)

(Koseki et al., 2008)

Shaking table tests on these & other wall models to:

1) confirm a high seismic stability of GRS RW with
FHR facing; and

2) find the necessary & sufficient geogrid length to
ensure high stability against high seismic load.
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Surcnrge 1kPa
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Surchrge 1kPa

Surchrge 1kPa
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140

Seismic coefficient, kh:amaxlg

(Koseki et al., 2008)
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Typical arrangement of geogrid layers in R2 type GRS RW

FHR facing _0.4 _ _
,__&%6 Typical design

Long geogrid

’ 2 ?88 Ballast track

o | N E——— .

© | © —— Plane at repose
Short basic — A ——3 (All units in m)
geogrid ——< =

P —

In addition to the s‘hort bésic geogrid layers at a vertical spacing of
0.3 m, long geogrid layers extended to the plane of repose are

arranged at a vertical spacing of 1.5 m.

Why the basic geogrid layers are required to be short ?
= next pages....




Gentle slopes are often re-constructed to vertical walls,

particularly in urban areas

= However, the two reconstruction methods shown below are costly &
needs a long construction period due to:

- large slope excavation; and
- the use of temporary support, such as anchored sheet piles

MSE RW having facing of discrete panels

or modular blocks (not a solution)

Conventional cantilever RW

4. Backfilling
6. Backfilling
5. Cantilever -1 _
RC RW e 3. Excavation
3. Excavation 2. Anchor
. 2. Anchor
4. Pile N
1. Sheet piles -
1. Sheet piles
Large excavation due to a As the facing is discrete, the use of
relatively wide base of relatively long reinforcement (usually L/H>

cantilever RW 0.7) is required for sufficient wall stability.




GRS RW with FHR facing is
a solution !

2. Wall construction w/o FHR facing

Conventional cantilever RW

3.FHR |- X7
facing [Cool..,.-~ Long geogrid<
Z;«Z;Z/ 1. Excavation
i

Short basic geogrid

Reduced slope excavation

and

no use of anchored sheet piles

6. Backfilling
5. Cantilever = 7 .
RC RW e 3. Excavation

2. Anchor

4. Pile N
1. Sheet piles

d

J MSE RW having facing of discrete

panels or modular blocks and using
relatively long geogrid layers

3. Excavation

4. Backfilling
Allowable L >
minimum L/H= B---Z-2°°C0 Jtad
07 = H
4.Facing EI2is

.
1. Sheet piles

2. Anchor




GRS RW with FHR facing supporting a commuter railway

Near Shinjuku Station, Tokyo,
constructed during 1995 — 2000

Central section

(11k340m)

1173 0.300 2,900 3,913 2,910
Track very close | [~ | x f
to wall face
o Yamanote line
&
© s FHR facing [—[
S A\ J 1
S A48 ﬁ T i
N %EEEEEEE ---------------
> \ chuo || 8[|
<, line g
ol Reduced
BRI coe )
Sl i C — excavation
=4 34,57Q_, Gravel-filled bags |
S , ‘
(all units in mm) 3’9_09 ; 2’_000 ‘_2’39_0_
640 1,000

No pile
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GRS RW with FHR facing

2. Wall construction w/o FHR facing

3.FHR | po=or KT
facing | r=--- ol Long geogrid

e

~~/-1. Excavation

'
b

[
Short basic geogrid

Reduced slope excavation &
no use of anchored sheet piles.

Reduction in the wall stability by the

use of short basic geogrid layers is

covered by the use of:

1. densely arranged planar geogrid
layers having high pull-out strength;

2. several long geogrid layers; &

3. FHR facing designed to be strong &
stable enough against earth
pressure & external loads.

Near Shinjuku Station, Tokyo,
constructed during 1995 — 2000

Central section

{11k340m)

2,800 3,913 2,910

Janva

21 x 300=6,300

| Yamanote line |

6,914

._s;' 4 =
S ta— 34'570?/

200 100

{all units in mm)

e Small
EEEEEE:‘ excavation
Gravel-filled bags ]

3,000 l 2,000 2,500

640 1,000




“The use of: 1) dense geogrid layers; 2) several long geogrid
layers; and 3) FHR facing” enhances monolithic behaviour of the
enlarged reinforced zone without developing local internal failure!

= Increase in the wall stability against over-turning, lateral sliding and
shear deformation caused by:

a) backfill earth pressure (particularly seismic earth pressure), and
b) external loads at or near the FHR facing !

Vertlcalloads __ Horizontal Plane at repose In
...... Bridge girder <= loads unreinforced backfill .+
FHR : (o ——— @ l_ _—_———————— “““““6\096
facing 1| - - s/ Ao
l Q)Q “““ O
Restrained , S NG
deformation & ~ | L @/ __ __ __/ N\ |
displacement e _ 7 . Long geogrid layers
No buckling -




“The use of: 1) dense geogrid layers; 2) several long geogrid
layers; and 3) FHR facing” enhances monolithic behaviour of the
enlarged reinforced zone without developing local internal failure!

= Increase in the wall stability against over-turning, lateral sliding and
shear deformation caused by:

a) backfill earth pressure (particularly seismic earth pressure), and
b) external loads at or near the FHR facing !

= Developments of.....

GRS Bridge Abutment

GRS Integral Bridge

Structural integration \

3. Girder 1. GRS wall

Girder Cement-mixed gravelly soil
;7“ = ————r—
Pl Geogrid
Bearing 3
' Backfill
,Er_
Abutment §
Ve ‘\ W

i | 2. FHR facing

Firmly connected ‘

55
0. Ground improvement
(when necessary)



Stability analysis of GRS RW having FHR facing:

F\:H““m External stability analysis

Internal stability analysis

|
FHR facing | \\ =
E C ! B :
< """ T =M ' Long geogrid
o iniaiailn 1 \k Tensile for: ,!I \I:\ ;/ 99e08
-—====%="=-=-- ingeogrid i —— h ™ /
e - F - .I . .l/e ’I — <_| '\f& 9 Tll
| _ - 14 65 b | |
________ ] 2 i
CT T _I// 450+0/2 b) | —— ‘I}// J T Tensile fo!’ce in
a) | F---- ¥ W‘wg——v///ﬁm the geogrid
— B — —"""' .
A e R.mém ............................................... CerU|ar Sllp plane
A

B The length of short basic geogrid is determined by the internal stability
analysis (Fig. a).




FHR facing 0.4

Typical design

The length of the basic geogrid
layers is the largest value among:
Long 1) 35 % of wall height;

geogrid | 5)1.5m; and

__.(L%6
| 2 5;88 Ballast track
_ 6.5
—— — " [1.5m
o |« —
© | ° —— — Plane at repose
Short basic [F=——=
geogrid
T 1 1 Length=3

Two-wedge analysis
for internal stability:

E

<FHR facing
______ _|____/______.
o s 1- \k Tensile force

____——-|——/—-- in geogrid
| F _4_,1 B

T T T T S 45040/2
_______ / ?

_____ L

3) the length required to keep iwall
deformation*) lower than
allowable value against level 2

(All units in m) design seismic load.
*) the total of 1) “the monolithic displacement of

FHR facing plus front wedge F by over-turning
and 2) the one by lateral sliding, each separately
evaluated by the Newmark method based on the
TW stability analysis; and 3) “shear deformation
of reinforced zone evaluated by strain energy
analysis”.

The stability of the FHR facing and front wedge F
as a unified unit is examined for all possible
locations of point B and all possible angles 6, &
B5 of TW failure planes. With RR GRS RWs,
point A is always at the heel of the footing of FHR
facing, which largely increases the wall stability.




Internal stability analysis ~-4 External stability analysis
1 '\\ “““-...____‘MH
FHR facing ;o T
E C | 1
< ----------------- l — M f _
o il '| \K Tensile force ; AN ,/ Long geogrid
::___::II'—_/__- in geogrid l, AE— kh\\\ , /f
- EISSERV. AN
______ ]II/ 450+¢/2 b) | _M‘f}// Z T Tensile force in
e ;;\; - W‘T'g://ém the geogrid
a) * Oa Circular slip plane

B The length of short basic geogrid is determined by the internal stability

analysis (Fig. a).
B As part of the internal stability analysis, the FHR facing is designed to be

strong and stable enough against the internal forces in the FHR facing
developed by the earth pressure and external loads.

B Then, the external stability is confirmed by the circular slip stability analysis

using a horizontal seismic coefficient k,, (level 1) (Fig. b).
In the ordinary cases, the length of short basic geogrid is determined by the
internal stability analysis. When the supporting subsaoil is relatively weak or
when the wall is located on a slope, basic geogrid layers required for sufficient
external stability may become longer than those required for internal stability.




Multiple functions of FHR facing (summary)

1) The facing is the important and essential structural
component to:
a) confine the backfill by developing large tensile forces in
the reinforcement; and
b) support other structures.
So, during service, the facing should be stiff enough.

2
z
g X

Full-height rigid facing



Conventional RWs & RC viaduct

Electric D B N N NOiS_e . Ee?rlzgr D |Sad Va n taq eS
pole barrier /Crash barrier
Noise g g co| [OO] COStIy
barrier Eﬂ !
— Ballast track Advantaqes
RC wall . . .
Srotture stueture| | @® Limited occupied
Unreinforced )
backfil backfill space
HEEHI I - @ Ability to support other
:: :: I: Pile foundation :: |: I:
oo hol structures

GRS RWs with facing of modular blocks or discrete panels

Egrizgr Crash barrier LeSS COStly,
but, unlike conventional RWs & RC viaduct,
Additional fil @ a buffer zone is required to ensue the safe
Modular P35 operation of road & railway, so wider
block  =~~""TTTTTTTTTTTT - 0
D occupied space required; and
= I ™ eamorcemene @ the facing cannot effectively support other

WE:::::::::::::::: structures



Conventional RWs & RC viaduct

\
Eleotric === noise (- orse Disadvantages
pole arrier
Noise g g co| [OO] COStIy
barrier %ﬂ !
— Ballast track Advantaqes
RC wall . . .
Srotture stueture| | @® Limited occupied
Unreipforced backfil
backfill
space
HEEHI I - @ Ability to support other
:: :: I: Pile foundation :: |: I:
wo il o structures

GRS RWs with FHR facing

Less costly; and,
Noise. f/Crash barrier like conventional RWs & RC viaduct,
@® railway & road can be arranged very

barrier fi - —
E— ~oe RC slab —— close to the wall face, so smaller
- roadbed i : .
occupied space; and
FHR
facing sackiil @ FHR facing can effectively support

(R e e o o

L Geogrid reinforcement

other structures.

Geogrid reinforcement




JR Kobe line, Amagasaki

Electric su
supported

pply structure
by FHR facing

Track located very
close to wall face

GRS RWs with FHR facing

barrier

FHR
facing

(R e e o o

Geogrid reinforcement

Less costly; and,

Noise f/Crash barrier like conventional RWs & RC viaduct,
arrier

@® railway & road can be arranged very

| [
A —— close to the wall face, so smaller

occupied space; and
sackfil @ FHR facing can effectively support
‘ other structures.

Geogrid reinforcement




Multiple functions of FHR facing (summary)

1) The facing is the important and essential structural
component to:
a) confine the backfill by developing large tensile forces in
the reinforcement; and
b) support other structures.
So, during service, the facing should be stiff enough.

L]

2) During the construction of reinforced backfill, the facing
should be not only strong enough but also deformable enough
to accommodate the deformation of backfill & subsoil.

I This contradiction can be solved by staged-construction.
Temporary gz

facing

ae,
e

Defrmable facing Full-height rigid facing

Settlement
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Staged construction of GRS RW with FHR facing

Depot for HSR (Shinkansen) at Biwajima, Nagoya, 1989 - 1990
- average wall height= 5 m & total length= 930 m

Before the start of Completed backfill,
but before the

con;tr.uctlon of"FHR

re-construction of slope




Staged construction: 1) & 2)
- Start of construction

Welded steel: Geogrid

wire mesh :
T
(= g% o]

1) Levelling pad & 2) Placing the first geogrid

embedded part of layer & a temporary facing
FHR facing unit*

f 3 e e - R iy T |
_5--:-&;-‘--&- .- -

>100m

Typical polymer geogrid:
bi-axial PVA grid:




Staged construction: 3) & 4)

- Compaction of the backfill with a help of temporary
facing units placed at the shoulder of each soil layer

* Welded steel

wire mesh : Geogrid
L
SRR
1) Levelling pad & 2) Placing the first geogrid
embedded part of layer & a temporary facing
FHR facing unit*
Wrapping Crusher run Compaction
-around Backfill 2%
of geogrid / R

3) Backfilling & compaction 4) Second layer
Good compaction of the backfill is
achieved by:

1) a small lift (15 cm) ensured by a
small vertical spacing (30 cm)
between geogrid layers; and

2) no rigid facing existing during
backfill compaction




Staged construction: 5)

- Construction of the full-height geogrid-reinforced backfill,
before the construction of FHR facing

Welded steel_ Geogrid

wire mesh : ‘

1) Levelling pad & 2) Placing the first geogrid
embedded part of layer & a temporary facing
FHR facing unit*
Wrapping Crusher run Compaction
-around Backfill l @ @
of geogrid / :

3) Backfilling & compaction 4) Second layer
of the first soil layer

5) Completing GRS wall
(w/o FHR facing)




Staged construction from step 5) to step 6):

- After sufficient compression of the backfill & subsoil has taken
place, FHR facing is constructed by casting-in-place fresh
concrete directly on the geogrid-wrapped-around wall face.

* Welded steel Geoarid e e o e mm mm o e o e e = = e
wire mesh : 9 I This steel rod is not a permanent member,
) m not expected to function for wall stability.
=‘ I 30cm 30cm
. | |
1) Levelling pad & 2) Placing the first geogrid Temporary o > 120cm .
embedded part of layer & a temporary facing ) . 29 QCTUsher giee) rod (13 mm-d) only to
FHR facing unit* facing unit of 50BN

support the concrete form

welded steel g
Wrapping Crusher run wire mesh Backfill
-around Backfill | ————————= o1 §
of geogrid / Geogrid:’ =

I
l
3) Backfilling & compaction |
of the first soil layer

|Concrete : 60 cm
form
N I Fresh

_—_—_—_—_—__J

Fresh concrete enters the crusher run zone
held in the temporary facing unit of welded
steel wire mesh through the aperture of the
geogrid = FHR facing & geogrid layers are
firmly connected to each other.

-----

5) Completing GRS wall
(w/o FHR facing)

6) FHR facing b
in-place cong




Field & laboratory tests to confirm large separation strength

Field separation test
(when the temporary facing unit
is gravel-filled bags)

Geogrid
. reinforcement

T =f'

Test specimen (cut out from 40
cm-thick full-scale FHR facing),
hung under 1G (= 980

cm/sec?):

Laboratory separation test

Specimen after separatlon

250

kPa)

A

(
N
3

—
a1
o

o

/

—
o
o

N

.4
i

//

Equivalent to the
inertia of 0.5 m-
thick facing by
horizontal
acceleration =1 G

/5

a1
o

\'4 l//

Y

J

[

<

Separation stress

o

0 1

2

3

4

5

Separation displacement (mm)




The properties required for the geogrid:

1) Sufficient tensile strength & stiffness
with low creep deformation

2) High anchorage strength in
concrete & backfill

3) Good adhesiveness with concrete < > 10 cm

4) High long-term durability against Bi-axial PVA geogrid,
high pH of concrete satisfying 1) — 4).

2), 3) & 4) are important for RRR = = — ¥

This steel rod is not a permanent member,

GRS structure system, as the geogrid I not expected to function for wall stability.
is in direct contact with fresh concrete. ! 30cm  30cm

1 >+  120cm

I
|
|
""" Temporar >

faci P é[/ N ; ‘EC"USher Steel rod (13 mm-d)onlyto |
acing unit o %3 arun support the concrete form I

welded steel n . ™
wire mesh Backfill ¢ I
| == = E |
Geogrid © |1 g I

/_/___—__},:_ ‘v
L il |
5) Completing GRS wall 6) FHR facing by casting- I : plate I
(w/o FHR facing) in-place concrete Weldin )
|Concrete | - g % 60 cml
|f0rr2 ) Steel reinforcement |
res



Staged construction: 6)
Completed GRS RW

1) Levelling pad &
embedded part of
FHR facing

Wrapping Crusher run
-around Backfill

of geogrid

3) Backfilling & compaction
of the first soil layer

5) Completing GRS wall
(w/o FHR facing)

Welded steel_ Geogrid

wire mesh : ‘

2) Placing the first geogrid
layer & a temporary facing
unit*

Compaction

4) Second layer

Drain hole

6) FHR facing by casting-
in-place concrete

Typical completed GRS RW,
depot for HSR (Shinkansen)
at Biwajima, Nagoya

B iR

Foundation of
frame structure

Geogrid

In use for tracks
>

<

Fence

Anchor element
(length = 1 m)
VA

RCfacing | EH-- 13-~~~ - P
Reinforcement| S~ -1~ - “
forGd oy et s e Only small deformation
Drainage + " S prss allowed
Construction =
joint (CJ)




15 years after the competﬁion,
28" Oct., 2006

\l

t
’u.'.", T ‘ ’
!

: s 1
u '"?(l Ju A sw ; {z,;t,

); ok A
s
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Advantages of staged construction (steps 5 to 6):

- After sufficient compression of the backfill & subsoil has taken
place, FHR facing is constructed by casting-in-place fresh
concrete directly on the geogrid-wrapped-around wall face.

Welded steel_ Geogrid

wire mesh 1) Very small differential settlements
m between the FHR facing and the
1) Leveliing pad & 2) Placing the frst geogrid backfill during and after the wall

embedded part of layer & a temporary facing COnStrUCtion .

FHR facing unit* 2) The temporary facing units
Wrapping Crusher run Compaction consisting of welded steel wire
-around Backfil mesh and crusher run protect the
of geogrid A

facing/geogrid connection.

= Essentially no damage to the
facing/geogrid connection during
long-term service (e.g., even when
subjected to severe seismic loads).

= The construction of GRS RW
“using compressive backfill”
and/or “on a compressive subsoil”
g by casting- becomes possible.

3) Backfilling & compaction 4) Second layer
of the first soil layer




Very difficult conditions:

- for a depot for HSR (Shinkansen) a) soft backiill at a high water

2.0 m-high & 2 km-long GRS RW | Conte”tt?hé? ot
- constructed 1993 - 1994 ) a very thick soft clay layer,

requiring very long piles for a
conventional cantilever RW

Nagano wall:

~ 80m

i

I
Cantilever RW

blow counts \'
Wi N

14 —
OB Moy peat
—~ ':Ef clay- S
£ 320 || I LI U é— sandy silt
~ ;2 clay
% ; L.l l&r—-sand
2 310"’;3& clay
> = .
< 2 N i 4 sand
= clay
300.—: B 1 i
B gravel
]
2901




Nagano wall:

- for a depot for HSR (Shinkansen)
- 2.0 m-high & 2 km-long GRS RW
- constructed 1993 - 1994

Very difficult conditions:
a) soft backfill at a high water

content; &

b) a very thick soft clay layer,

requiring very long piles for a
conventional cantilever RW

~ 80m -~
| 1 E
FHR facing _9eo extile . -
“brel il = _ 0
blow counts \' P 1 oaf ull = 2-om GEJ @
GRS-RW 25m =
330 = gg o | Solved by staged
= . 1.0 construction of GRS RW:
E 320—;2 clay L Esandysilt) 1) GRS RW w/o FHR facing
L G I - sand 2) preload fill
) 5
£ 31074 | cly 3) settlement (about 1 m)
—r ] .~ d .
< . s clay wan 4) removal of preload fill
800 T e : :
3 arave! 5) construction of FHR facing
200101




Preloading
wall height
before preloading: 3.0 m
after preloading: 2.0 m

Construction of FHR facing
after removing the preload fill.

20 years after construction,
6t July 2014




Temporary &
facing

oo ey
ore

Deformable facing ‘Settlement Full-height rigid facing

1) During the construction of geogrid-reinforced soil wall (w/o
FHR facing), the temporary facing should be not only
strong enough to keep the temporary wall stable, but also
deformable enough to accommodate the deformation of
backfill & subsoil by the construction of geogrid-reinforced wall.

2) Against static/traffic loads and severe seismic loads and other
natural disasters during long-term service, the FHR facing
should be stiff & strong enough to keeps small the wall
deformation ensuring high wall stability.

3) These contradicting requirements can be satisfied by the
stage construction in which the FHR facing is constructed
after the deformation of backfill & subsoil has completed.
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A number of serious problems
with conventional simple girder bridge

Long term settlement

5. Simple girder

4. Bearings (fixed or movable)
— Costly construction & long-
term maintenance

3a) Displacement

2. RC

3a) & 3b)= Need for
many long piles

1l @ Subsail

I

3b) Settlement & lateral flow of
thick soft subsoil by the weight
of massive backfill,
resulting in negative friction &
bending of the piles




. and problems by seismic loads

/

158

'Mple girder [

Settlement by seismic load

4. Movable bearing

— Low seismic stability

Displacement

Subsoil

Subson settlement & lateral flow
by seismic load




Developments from GRS RWs to GRS bridge structures

Several serious
technical problems

entional Simple-Girder Bridge

N\

Structural Engineering solution

Integral Bridge

GRS Bridge Abutment (I1)

GRS Integral Bridge




GRS Bridge Abutment — First generation, 1/2

3. Girder foundation:

3 5. Girder

not integrated to FHR facing

4. Movable & fixed
girder bearings

2. FHR facing

1. No bump right back of the FHR facing = low maintenance cost

2. Stable approach fills
3. Highly cost-effective



GRS Bridge Abutment — First generation, 2/2

Problematic
3. Girder foundation:
3 = Girder \neii\n’vsiratﬁd-to{HR facing

4. Movable & fixed
girder bearings

__—2.FHRfacing | — | fapne

However, two remaining problems:

When the girder becomes long and heavy,

1) the girder foundation where the fixed bearing is arranged becomes
unstable by large seismic inertia load acting at the girder; and

2) the settlement of the girder foundation due to the compression of the
underlying backfill may become unacceptable.

= Development of GRS Bridge Abutment of second generation




GRS Bridge Abutment — Second generation

3. Girder foundation: stabilized
by integration to the FHR facing

5. Simple girder

4. F|Xed .: ......... 1. GRS Wa”

4. Movable
bearing bearing

Pier 2_. FHR facing ~__ S
firmly connected > < —
to geogrid layers > —

— I ot

Much more stable & cost-effective than the conventional type bridge abutment.

Besides, GRS Bridge Abutment is statically determinate due to the use of a
bearing. So, the internal forces in the girder & FHR facing are not sensitive
to a limited amount of displacement of the facing.

= The design of the girder & FHR facing is not sophisticated.




GRS Bridge Abutment,
completed 2020
Timoshenko No. 1,
Hokuriku Shinkansen

By the courtesy of Mr.
Yonezawa, T., JRTT



GRS Bridge Abutment, completed 2020
Shimo-shinjo No. 1, Hokuriku Shinkansen

By the courtesy of JRTT

,,,,,,,

e



GRS Bridge Abutments (2" generation):
- a simple girder is supported by bearings arranged at the
crest of a pair of FHR facings

Much better performance & much higher cost-effectiveness than
the conventional simple girder bridge, so relevant in many cases.

GRS Bridge Abutment || 4. Girder GRS Bridge Abutment ||

U] 3 Movable & fixee ®

bearings L RN S

weleegl |2 FHRIsng —

0. Shallow ground improvement (when necessary)




Simple girder supported by a pair of GRS Bridge Abutments
Kyushu Shinkansen, Nishi-Nihon Ro, 28 tber, 2022

3 R o R
ST W
5 { S



Summary of GRS Bridge Abutment — Second generation

First GRS Bridge Abutment, GRS Bridge Abutment at Mantaro
at Takada for Kyushu Shinkansen  for Hokkaido Shinkansen

L I I Hﬂ'

AR

TR — s Teggm-high
& March2003 | @ Aug. 2012

- First one at Takada in 2003

- As of 2025, in total about 200, including:
63 for Hokkaido High Speed Railway (Shinkansen);
- 79 for Kyushu HSR; and
49 for Hokuriku HSR




GRS Bridge Abutments (2"9 generation):
- a simple girder is supported by bearings arranged at the
crest of FHR facings

Still two unsolved problems:
1) high cost for construction & maintenance of the bearings; and
2) low seismic stability of the girder at the movable bearing.

=Development of GRS Integral Bridge to alleviate these problems

GRS Bridge Abutment || 4. Girder GRS Bridge Abutment I

iiiiiiiiiiiii

3. Movable & fixed . o

e bearings frsi it S

-------------------

0. Shallow ground improvement (when necessary)




Developments from GRS RWs to GRS bridge structures

Several serious

technical problems

Geotechnical solution

Conventional Simple-Girder Bridge

N\

Structure engineering solution

Integral Bridge




GRS Integral Bridge

4. Continuous girder
o ! 5. Structural integration | | 4

3. FHR facing ...
§ _

Firmly connected

ACAA L D Ae b Ak

{ (

---------------------------------------------------------- 5S AR

1. Shallow ground improvement
(when necessary)

= Static and dynamic model tests to evaluate the
performance of GRS Integral Bridge



Cyclic lateral loading

model testin 19 Simulated static small cyclic displacements
(considered model at the top of facing due to seasonal thermal
scale: 1/10) expansion & contraction of girder

a1 O

e . LA 8 2 Thin black-colored sand layers

| 1B
Unreinforced air-dried

Toyoura sand under
plane strain conditions

.'.-! ) i@ v
=
.
)

-



Cyclic lateral loading N
model test in 1g é
(considered model 2
scale: 1/10) §
d (amplitude= D) o
) o

A T ;

* K H=50.5cm

.

Air-dried Toyoura
sand (D,= 90 %)

facing, d/H (%)

Significant increase in the
earth pressure in the
unreinforced backfill

tKo o
A O -

Total earth pressure coefficien
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¢
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Cyclic lateral loading
model test in 1g
(considered model
scale: 1/10)

d (amplitude= D)
> ,‘Sg

o

H=50.5cm

.

Air-dried Toyoura
sand (D,= 90 %)

0.6

Significant settlement in
the unreinforced backfill,
resulting into a bump

© 0.5}
*qc‘)/\
%§> 04¢t
83 03}
> o
2 £ 0.2¢
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S8 01
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S 0.0t
0.0
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2.0

D/H

L=35cm'

Distance from

L=20cm

L=10 cm

the back of facing, L= 5 cm

0 5000

10000

Elapsed time, t (sec)

15000



Dual ratchet mechanism, continuously developing
both: 1) backfill settlement; and 2) earth pressure- 1

Formation of active wedge
= settlement in the backfill

Active wedge deforms & displaces as part of the passive wedge,
not recovering the settlement during Active 1

De\;elopment of passive wedge
= increase in the facing earth pressure




Dual ratchet mechanism, continuously developing
both: 1) backfill settlement; and 2) earth pressure- 2

Reactivation of the active wedge

= additional settlement in the backfill

Active 2

Active wedge deforms & displaces as part of the passive wedge,
not recovering the settlement during Active 2

E Reactivation of the passive wedge
I/ | = additional increase in the facing
/ earth pressure

T
NN
~

o
N
|




NR: not reinforced

Small cyclic displacements at the top of facing due to
seasonal thermal expansion & contraction of girder

\\
D/H=0.2 or — 4
_05 T I T 1 7'y
_ 2 7 0.6 % RN
L = =
o L 00 -
O o inge-
29 o5 = Hinge-support — ||/
5§ | B /
2 o 10} | { Air-dried Toyoura
GEJ S | . { sand (D,=90 %)
© G 15| NR: i
B | D/H=0.6 %
" ©
o a 20F S -
3 E : t NR (no reinforcement): -
K7 © 25+t i) D/H=0.2 % .
O <
X o i H=50.5 cm
(U v
30 | | L | L | L |
0 50 100 150 200

Number of loading cycles, N (cycles)




NR: not . 4 R&NOC: reinforced,
notreinforced )+ o connection | Better than NR,

but not a solution !

D/H= 020r/_..,..1'>
0.6 %

1
o
&)
~
~
-~

O
o
Q

g

O
o
I L]

Hinge-support \ ' /‘

—_ [ Y

1.0 |
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I ¢ NR (no reinforcement):
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Residual settlement of the backfill
at 5 cm back of the facing, S /H (%)
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NR: not reinforced R&NOC: reinforced, R&C: reinforced & connected
but no connection - GRS Integral Bridge -

O
o1

No settlement,

__..._..-—--——R&C D/H=0.6 % so no bump !
- the ultimate

solution !
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Residual settlement of the backfill
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GRS Integral Bridge model for shaking table tests

“mm Girder with a mass of 205 kg to make
" the equivalent girder length =2 m

T EMARRY, —2 FLR—ABEER iR

L

Grid reinforcement: L= 35 cm

Air-dried Toyoura sand |
(D, =90 %)

——r —_— o || i e

e T

r I N o - e P
Table acceleration: uniform 20 waves (f= 5 Hz) at each step,
increasing the amplitude, o, by an increment of 100 cm/sec?/step



Lateral
displacement at dr
the facing dg

GRS Bridge Abutment
(1st generation)

Integral

GRS Integral

Lateral displacement at top,

Lateral displacement at bottom,

d. (mm)

d, (mm)
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(@)

N
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o
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o
T

Dislodging of girder -
"

Conventional Displacement at the
i (gravity) fixed bearing
O (GRS Bridge Abutment,

1st. generation)

A GRS
Integral

Integral /
O A o
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a Integralo -

GRS
Integral

Conventional
(gravi’%/) *

;S
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GRS bridge abutment
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Lateral

displacement at dr

the facing

dg

GRS Bridge Abutment

(15t generation)

Integral

Dislodging of girder

Displacement at the
fixed bearing
(GRS Bridge Abutment,
1st. generation)

GRS

Integral
°

- 60 |
g g
© Conventional
S 40t (gravity)
£ e O
S E
—_
27° 20f A
©
©
()
S 0 D e _ O

/ Integral /

GRS Integral

GRS Integral Bridge: most stable ! : :
- collapsed by the tensile rupture of the
facing-reinforcement connection;
- can become more stable by increasing | 5rg
the connection strength. Integral
[4Y)
E E _
8 ™= 20L  Conventional
© © i
= (gravr%/) .
z °J
2 S/ .
5 0 —-—D‘DFH%H/’
E GRS bridge abutment

0 200 400 600

800 1000
Base acceleration, a,, (cm/sec?)
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Residual

settlement in
the backfill

GRS Bridge Abutment

(15t generation)

Integral

B N
o o o

)]
o

Settlement of the backfill, S_ (mm)

GRS Integral

GRS Integral Bridge:
essentially no settlement

right behind the FHR facing

\

* o
O GRS
GRS Bridge Integral
I Abutment |
Integral
i 5 Out of i
. measument
Conventional range
(gravity)
0 200 400 600 800 1000 1200

Base acceleration, a,, (cm/sec?)



Full-scale model of GRS Integral Bridge, completed Feb. 2009
at Railway Technical Research Institute, Japan

40001800 Koda, M. et al. (2018)
600 14750 Strain gage
450 - gravel bag zone
] Four PC steel bars inside PVC pipes / reinforced backflll zone -
_ Y y vy = - V AN =
= » —e—e S o—o—18th Iayer s
g = = A = e =
- = \ 3900 = :Steel strain gage I§ / = =
= c ed = QI Y :Vertical displace. = =
£ .| Cement-mixed =4 8 < :Lateral displacement = Well-graded =
= well-graded IS — :Earth pressure = gravelly soil =
= gravelly soil g 0 :Geogrid strain gage = \ =
= = j o =
. ) = o =
Geogrid ‘ ‘ °’ — (Al units: mm)
1350

Lateral cycllc Ioadlng tests S|mulat|ng seismic & thermal effects

Rection frame &
hydraulic jacks

7




GRS Integral Bridges for railways

3. Girder 1. GRS wall

2. FHR facing

’4. Structural integration ‘

" w Firmly connected ‘

105(30)

(K
>

0. Ground improvement (when necessary)

149(18)"

Seven GRS Two GRS Integral Bridges

Integral Bridges (completed 2020)

GRS integral
bridge at Kikonai

Three GRS
Integral Bridges
for Sanriku

203(4) Railway

286(2)  307(53)

/ ™ (No. of GRS Bridge Abutment &

No. of GRS structure sites GRS Integral Bridge)




20 days after the 2011 Great East Japan E.Q.
(11 March 2011), Koikoreobe, Sanriku Railway

Two simple girders had been washed away towards the
inland by a great tsunami from Pacific Ocean

Pacific Ocean

30 March 2011




Two-span simple girders
with two pairs of bearing M & F,
the same as the collapsed one

L1990 i 19990
Al RCTH) ) (PC2-45)

Three proposals for restoration

Construction Seismic  Anti- Need for
I cost stability tsunami maintenance
P Side parapats stability ~ work

Z==7 High Low Low High

Unreinforced
cement-mixed Survived | |

Survived
abutment

gravelly soil abutment New abutment

Single continuous girder with a pair of bearing

A 4 %2 Side parapets
? High Inter-  Low High
Unreinforced G 1 e mediate
cement-mixed [Syrvived i1 Survived
gravelly soll abutment New abutment abutment
GRS Integral Bridge without using bearings
——— Low High High Very low

Adopted because of best performance

mixed gravelly soil

Geogrid- reinforced cement- & best cost-effectiveness




GRS Integral Bridge at Koikorobe, Sanriku Railway

Geogrid-reinforced L 19.93m - 19.93m '
Cement-mixed gravelly soil | A2 P1 A1 R
- ~18m  j12m  fem 0%
RERe ) == < P = =z
............. arm i en .
i e o Local road {_| | sﬁ?él;or;obe
e o By N T
F: Part of the NN RO NS
foundations of the | ... g, ST N
collapsed bridge e Ll E0ml | Bedrock [| 6.5m

3 November2013



GRS Integral Bridge at Koikorobe, Sanriku Railway

Geogrid-reinforced
Cement-mixed gravelly soil

L 19.93m

A2

| 19.93 m

P1
4 1.8m

1.2 m

i

—To south

=z

-

collapsed bridge

47 m
Local road

/

F: Part of the :':?:?:'
foundations of the | K&

AAAAAAAAA

<. Stream

provement\EE Jy T

Koikorobe

'5;0m” Bed rock |




20 days after the E.Q. at Haipe, Sanriku Railway

Two simple girders were washed away towards the inland by a great
tsunami from Pacific Ocean (11 March 2011)

\id go % o ~

Road tunne




GRS integral bridge at Haipe, Sanriku Railway

Geogrid-reinforced
Cemgent-mixed : 27.8m : 32.16 m |
: A2 P1 A1
gravelly soil ™ 1m P —To south
e A L b~ ,{: 22m
—t= = 1 f

F: Foundations of
the collapsed

bridge

i
e LN

| H
gl

i

Tl s
Local road* /™ ﬁ

""""

& | Halpe
%\ stream

R R ERLRELL K 1L

1~ Ground

Bedrock |+~ 85M improvement

GRS Abutment
(before the
construction of FHR
facing)

22 May 2013



GRS Integral Bridge at Haipe, Sanriku Railway
(total span length= 60 m)

Geogrid-reinforced
Cement-mixed v 27.8m P’1 32.16 m Al1
gravelly soil T21m o —To south
e » i : 1 — f‘“‘
Local road 4| ™
) L | o —— e o A W A4 >

Haipe 7\/. .. .. ... TR
| stream

F: Foundations of B - - - e sV ENNY B
the collapsed & Mv}/ﬁ \- _‘
bridge g |~ Ground 8.5m

Pacific Ocean

- Slender girder & FHR facing, resulting from structural integration of girder,
FHR facing & reinforced backfill

- No bump right behind the facing during long-term service

= A large cost reduction in construction & maintenance



Different patterns of geogrid arrangement

GRS RW: longer geogrid at top

GRS Bridge Abutment: longer geogrid at bottom

2. Wall construction w/o FHR facing

3.FHR [p== T T

facing | p=——- el Long geogrid

Short basic geogrid

1) Short basic geogrid layers to
minimize the slope excavation when
the wall is constructed on slope.

2) Several long geogrid layers at
upper levels for high wall stability;
and high stability of surface soil
layers subjected to large traffic
loads.

3) Some differences in the stiffness
& residual settlement between the
reinforced & unreinforced zones do
not seriously affect smooth running
of train/vehicle in the direction in
parallel to wall face

Girder Cement-mixed gravelly soil
= S
Y - Geogrid
Bearing -
= Backfill
Abutment =
T -

The use of longer geogrid at lower levels:

1) to lower the gravity center of the reinforced
zone for high stability against overturning
about the facing base by lateral seismic load;

2) to avoid cracking in the brittle cement-mixed
backfill that will take place when constructed
on deformable unreinforced backfill; and

3) for the thickness of unreinforced backfill to
continuously increase from zero when
moving away from the RC abutment wall in
the direction of railway/road running (i.e., in
the direction perpendicular to the RC
abutment wall) so that the compression in
the unreinforced backfill continuously
changes for smooth running of train/vehicle.




Various shapes of reinforced soil zone with actual GRS Bridge Abutments
& Integral Bridges constructed under various site conditions

GRS Integral Bridge, Haipe, Sanriku Railway

Geogrid-reinforced 27 8m 32.16m

Constructed on very stiff soil or rock Cement-ixed . -
slope. Without unreinforced backfill —— = e "
zone in the approach fill, the shape of e A RO (e e prre =
geogrid-reinforced cement-mixed F: Foundations of il GO

NN
the collapsed = _

gravelly soil is reversed-trapezoidal.  [bridse 45m | Ground et

GRS Bridge Abutment, Takada, Kyushu Shinkansen: =t _ iy _"mewor
Constructed on a gentle rock slope.

= The bottom part of the trapezoidal geogrid-reinforced o
cement-mixed backfill zone was truncated.

GRS Integral Bridge & GRS Bridge Abutment,

Echizen Hirabayashi, Hokuriku Shinkansen:

(R) Geogrid-reinforced cement-mixed backfill zone was
made wide while the bottom zone was truncated to
reduce the excavation in an existing embankment.

RC facing <

=

Bedrock

l‘m‘m‘m"&io‘{
\

(L) Two reinforced zones for o (L) - — 22 m__ — (R)
GRS Integral Bridge and | = ‘I |G
GRS Abutment are unified [\ 8.1m JK =il
to a single reinforced zone. L = B

All the GRS bridge abutments are deS|gned based on the stability analysis.




Summary:

5. Simple girder

3. Girder foundation

GRS Bridge Abutment supports o
one end of a simple girder on H baaring
a fixed bearing arranged at the

fuveernn - GRS RW

crest of FHR facing of a GRS RW. s
GRS Integral Bridge structurally
integrates bOth endS Of a Geosynmetjc;r,eiforced backfill Integrated girdernd facings

continuous girder to the crest of |
FHR facings of a pair of GRS - .

RWs, without using bearings.

Compared with the conventional simple girder bridges, these GRS
bridge structures are much more cost-effective exhibiting no bump right
behind the facing (i.e., vertical RC wall) while much more stable
against severe seismic loads, strong floods and tsunamis that may take
place during a long period of service. They are now the standard bridge
structures for railways including High Speed Railways (Shinkansen).




Contents
1. Recent GRS structures for High-Speed Railways in Japan

2. Inextensible vs. extensible reinforcement and
flexible vs. stiff facing- theoretical & technical background

3. Multiple functions of full-height rigid (FHR) facing

4. Advantages of the construction of FHR facing after the
construction of reinforced backfill

5. GRS Bridge Abutment and GRS Integral Bridge
6. Restoration of soil structures that collapsed by
earthquakes, floods. ocean storm waves and tsunamis to
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A number of GRS structures were constructed to
restore conventional type soil structures that
collapsed by natural disasters

105(30)

Collapse of railway
embankments & RWs by

1995 Kobe EQ, restored to
GRS structures

Hokkaido
Shinkansen*

149(18)

Kyushu Shinkansen 31 Hokfiriky Shinkansen

Shinkansen* denotes
High-Speed Railway, HSR

324(90) 286(2) 307(53)  203(4)

No. of GRS structure sites No. of GRS Bridge Abutments
& GRS Integral Bridges




Collapse of gravity RWs by the 1995 Kobe EQ and
restoration to GRS RWs & nailed RWs

The EQ took

place 5:47 AM

— NO people was
walking in front
of the wall.

GRS RW with a staged-

constructed FHR facing s + Nailed wall +
R | 3. FHR
3. FHR facing §:::::'.:: N —7- facing
H.-ed| 2 |arge diameter
g nai
"~
1. Temporary 7
The numbers indicate the wall of steel 2. Large diameter

construction sequence. H-piles nail




A number of GRS structures were constructed to
restore conventional type soil structures that
collapsed by natural disasters

105(30)

Collapse of railway
embankments & RWs by 2004
Niigata-ken Chuetsu EQ,

restored to GRS structures

Hokkaido

Kyushu Shinkansen 34 Hokuriku ShinkaNsen Shinkansen*

Shinkansen* denotes
High-Speed Railway, HSR

I

TR

34(2) / |
324(90) 286(2) 307(53)  203(4)

No. of GRS Bridge Abutments

No. of GRS structure sites
& GRS Integral Bridges




2004 Niigata-ken Chuetsu EQ, October 2004

(by the courtesy of Ministry of LITT, Japan) 15':;%7‘ hoe

N "lag,;nl".:fﬂ ¥




GRS RW with FHR facing; wall face= 1:0.3 (V:H);

Railwa
max. height= 13.18 m; vertical spacing of geogrid= 30 cm y

(Jo-etsu line)

Before collapse: the backfill was sandy c ——
soil including round-shaped gravel = )
After n
. Atter restoration .-~ L
Gravity RW collapse /4}9// Weathered
before collapse \} 7 T sedimentary
-7 sand rock
Shinano >
—— sed. silt rock ROCk bolt

River

G

Gravel-filled steel wire E ‘

ANy mesh basket

First train /



Staged construction of
FHR facing

wire mesh :
%

1) Levelling pad & 2) Placing the first geogrid
embedded part of layer & a temporary facing
FHR facing unit*
Wrapping Crusher run Compaction

-around Backfill
of geogrid

3) Backfilling & compaction 4) Second layer
of the first soil layer

Drain hole
(I

5) Completing GRS wall 6) FHR facing by casting-
(w/o FHR facing) in-place concrete

=\

Max. wall

ST

HITACHI st




(Unit in mm)




Conventional type GRS-RW with FHR facing

cantilever RW Much better performance: i.e.,
1) over-turning failure of FHR
facing by scouring is difficult to

Often, over-turning failure by take place; and

scouring below the RW structure,| | 2) even if the facing displaces to

quickly resulting into the some extent by scouring, the

collapse of embankment embankment can survive
keeping the function of road or

railway.
2. Overturning of RW

s GRS-RW s with a FHR facing has a
;o high resistance against scouring

_______ ¢ {1]3. Collapse of
""" embankment

Flood W : i/ 7./ e
_____ Flood
I
Riverbed/| & ~>=»
sea shore [ 1. Scouring ]
1. Scouring

&—/—_



A number of GRS structures were constructed to
restore conventional type soil structures that

collapsed by natural disasters

105(30)

Collapse of seawall by ocean
storm wave, 2007, restored to
GRS RW

Kyushu Shinkansen 31 Hokurik Shinkanf;e

324(90) 286(2) 307(53) |

Hokkaido
Shinkansen*

Shinkansen* denotes
High-Speed Railway, HSR

No. of GRS structure sites

No. of GRS Bridge Abutments
& GRS Integral Bridges




Collapse of gravity-type seawall for a length of 1.5 km by ocean
waves during a storm (Typhoon No. 9), 8 Sept. 2007
National Road No. 1, southwest of Tokyo

Before collapse:
; 16.5m

=NNW

Gravity type retaining wall |'f 4+ 0 G . 1 —

= uj
from Tokyo | | To Tokyo

st

3.5m 3.5m 3.5m 3.5m

Pacific Ocean

AN s . ’__J_-'
R R Scouring 7

After restoration:

16.5m Xy

e o2, 8 8|l20wW
i

GRS RW having a
staged—constructed FHR

B

&)

from Tokyo To Tokyo

3.5m 3.5m 3.5m 3.5m

Scour protection

(by the courtesy of Ministry of LITT, Japan)



Restoration to GRS RW with FHR facing

Casting-in-place of
concrete for FHR facing

Pacific
Ocean

TS NV . " / .

10 March 2010




12 years after restoration to GRS RW

26 Oct. 2023

On average two times per year, ocean storm waves taking in
beach sand/gravel particles attack the wall, over-topping the wall



A number of GRS structures were constructed to
restore conventional type soil structures that
collapsed by natural disasters

105(30)

Collapse of wing wall for a
bridge abutment by scoring,
2011, restored to a GRS RW

Hokkaido
Shinkansen*

149(18)

Kyushu Shinkansen 31 Hokurik Shinkanse

Shinkansen* denotes
High-Speed Railway, HSR

324(90) 286(2) 307(53)  203(4)

No. of GRS structure sites No. of GRS Bridge Abutments
& GRS Integral Bridges




Collapse of a masonry wing RW for a RC bridge abutment
by scouring in the subsoil and associated erosion of the
backfill by river flood, liyama Line (JR East), July 2011

5 e »oog

LN <L

Tokamachi

‘masonry 2 -

e

ED




Collapse of a masonry wing RW for a RC bridge abutment
by scouring in the subsoil and associated erosion of the
backfill by river flood, liyama Line (JR East), July 2011

= l[ruma River |
' Bridge, A1




2.84  1.337

1.5

Restoration to GRS RWs T

Balla‘st retainer

Ballast re
Crusher run (0.3 m-thick)

03

I /‘3 L . FHR facing
Only 10 days to re-open the Plpc———=rC / N
service: much shorter than S = p

. . I E NG

the period required to = iﬁi - masonry RW
construct a conventional A
cantilever RC RW. Apfacm"'*%

- - * Cement-mixed gravelly soil,
o M-40; cement 50 kg/m?3

(Taklsawa et al., 2012 JR East)

1 Geogrid (T 30 kN/m)

2.0 o
(All units in m)

Construction of FHR facing after re-
opening of service




A number of GRS structures were constructed to
restore conventional type soil structures that
collapsed by natural disasters

Collapse of many railway soil
structures by heavy rainfall &
flood (28 July 2013),

restored to GRS structures SEER

2\

92(30)

A\

Hokkaido
Shinkansen*

Shinkanseng '\‘ ﬁ
(3 ’ " 148(18)

Kyushu Shinkansep

30(0) Hokurik

w Shinkansen® means
\

High-Speed Railway, HSR

323(90) 277(2) 3‘06(5?3)\

No. of GRS structure sites (No. of GRS Bridge Abutment &
GRS Integral Bridge)




Collapse of railway embankment by scouring at the toe
of embankment by river flood (28 July 2013)

JR West




GRS RW and GR slope
(before-the construction of FHR facing)

Geogrid layers for compaction
control (L=2 m)

Geogrid layers for reinforcement
—~~———F\ Bench

(T,= 30 kN/m) 7
- s cutting

30 m

Filter (non-woven
geotextile)

- Geogrid layers for reinforcement
~ L= full length; 4 m; T,= 60 kN/m
L=4 m; T,= 30 kKN/m

gR;F\)):ﬁz?,er Earthwork volume: about 13,000 m?3

L

FoRinis o




Completed GRS structure

FHR facing: very effective to prevent
the failure of the wall by scouring
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Concluding remarks — 1/5

A number of GRS RWs with full-height rigid (FHR) facing, GRS

Bridge Abutments, GRS Integra Bridges etc. have been

constructed as important permanent structures for a total wall

length more than 221 km as of April 2025. Many of them are for

high-speed railways (Shinkansen) and also part of them for roads.

This success is due to:

- high performance during long-term service and against severe
earthquakes, heavy rainfalls, strong floods, tsunamis etc.; and

- low cost for constructi\on and long-term maintenance.




Concluding remarks — 2/5

GRS Bridge Abutment supports one end of a simple girder on a
fixed bearing arranged at the crest of FHR facing of a GRS RW.
This is much more cost-effective and much more stable than
conventional type bridge abutments. In total about 200 have been
constructed. All of them are performing satisfactorily with
essentially zero bump. This is now one of the standard bridge
abutment structures for railways in Japan.

5. Simple girder 3. Girder foundation

% o
‘Illl-' -----

—— ——
4. Movable 4. Fixed
bearing bearing

s aamsan

2. FHR faci
Pier acmg\ S L

A R




Concluding remarks — 3/5

GRS Integral Bridge consists of a continuous girder with both
ends being structurally integrated to the crest of the FHR facings
of a pair of GRS RWs, not using girder bearings. This is much
more cost-effective and much more stable than conventional
simple girder bridges. In total 14 have been constructed.

GRS Integral Bridge is now
one of the standard bridge
structures for railways

In Japan.




Concluding remarks — 4/5

Many of the conventional type embankments, RWs and bridges
that collapsed by recent severe earthquakes, heavy rainfalls,
strong floods, storm ocean waves, tsunamis etc. were restored to
GRS structures having FHR facing.




Concluding remarks — 5/5

The followings are the three breakthroughs necessary to develop
these GRS structures:
1) The use of full-height rigid (FHR) facing for changes:
a) from low earth pressure to high earth pressure on the facing; and
b) from a secondary non-structural component to a primary structural
component.

2) Staged construction for changes in the construction sequence:
from the facing before the backfill to the facing after the backfill.

3) Structural integration of:
a) the FHR facing to the reinforced backfill; and
b) also the girder to the FHR facing for GRS Integral Bridge,
for changes from a statically determinate but unstable structures to a
statically in-determinate but stable ones.

Thank you very much for your kind attentions.
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Building the future on new foundations
Contents 2 TOKVU CONSTRUCTION

Typical Construction Case Histories of RRR GRS Structures

1. Track Expansion for a Major Shibuya-Yokohama
Commuter Line Using the RRR Method



Project Overview 2 TOKVU CONSTRUCTION
Transportation Network Improvement in the Metropolitan Area (2001)
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Track expansion outline and Section view T OKVY CONSTRUCTION

Before improvement work

Before work

Outbound lane Inbound lane

B B
1% 1
7 L

Masonry Toyoko Line

retaining wall N Masonry

> retaining wall

Existing
embankment

Copyright(C) Tokyu Construction. All rights reserved. 4



Track expansion outline and Section view

Building the future on new foundations

& TOKYU CONSTRUCTION

@ Original @ Improvement
work
@ Completed

® Track switching

=)

Copyright(C) Tokyu Construction. All rights r

Structure of embankment

T U E T L UEE
Outbound lane Inbound lane
After work
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Building the future on new foundations

<2 TOKYU CONSTRUCTION

RRR GRS structures

FHR facing is constructed connected to all the geogrid layers to effectively
confine the backfill, creating a highly stable reinforced soil structure.

The center of track

Hand rail

Advantages of RRR GRS structures i
C wall (Rigid facing)

-Backfill remains very stable
even under severe seismic loading

-No residual deformation during service

-No use of pile foundations, as

RC FHR facing is constructed by
casting-in-place concrete after the
end of embankment settlement. Overview of the RRR.B method

-High construction efficiency — suitable even at narrow sites.

Copyright(C) Tokyu Construction. All rights reserved.



RRR Nail structures YU ConsTRUCTION

Tensile core rod

Cement milk -

Use of large-diameter soil nails, instead
of small-diameter steel metal nails, to reinforce
existing embankment cut to a nearly vertical wall

Soil-cement
$200~400mm

RADISH anchors (¢p40cm) adopted in this project

o —___ Spraying mortar

Large diameter provides high pull-out resistance
even with short nails and efficient construction

—

L — RC u@ll[ﬁigid facing)

R —— —_— ,__._-._‘_— s e B2, ¥ ‘—" . :

e ® W | improvementpiles
- s Pl b gl

petp ; : ([ ™ <\ S

Radish anchor i
Drainpipe

Overview of making a slope steeper

i RRR Nail
S = (RADISH anchor) ————
Copyright(C) Tokyu Construction. All rights reserved. -“"M Excava ted RA D I§H a n C h O r 7




Construction process = TOKVU CONSTRUCTION

Corss-section

Structure of embankment

Outbound lane
. . FTU#E EVU8aM
Geog r|d're|nf0rCEd Outbound lane Ik Inbound lane

. . After work
backfill overlying x| E RRR GRS " RRR Nail
nail-stabilized cut @ @
slope LI
| Toyoko Line
RC FHR | ! )
facing |
X 72 yis sAln- 1 :E
Existing Soi mbrovemes % RADISH Anchor RADISH Anchor // #i e
embankment PTETY /|| wrrrm P VAWW‘
[ B E % Vertical deterrence pile / -
Coerént soil é % colerent s
B#s < + Consolidated silt Coﬁs‘glﬁa"feg silt

Copyright(C) Tokyu Construction. All rights reserved. 8



Construction process = TOKVU CONSTRUCTION

1) Cement-mixed soil column as temporary retaining wall

b FUSHE T LY #He
\\ Outbound lane " Inbound lane
\.\ ‘\\

Service Line

<

Outbound lane

RADISH Anchor

T s

ik
Vertical o

S0

Masonry Toyoko Line
retaining wall o
Existing
embankment

Cement-mixed
soil column wall

Copyright(C) Tokyu Construction. All rights reserved.



Construction process ' TOKYU CONSTRUCTION

2)Installation of RADISH anchor

TE“S_“E‘ core rﬂd L Ou‘lmundlane Jlr:nl;ufdine
Cement milk ,},g ‘“T-q. a
Outbound lane ‘ | h

\ - ' w |} = ﬁg embankment -

® 3] Smt-cem?nt & ; IS il
*ﬁ *ﬁ o ] IF {9 R _ 1
ﬁ ﬁ .:D .Elill:“l:""rI m \| RADISH Anchor RABIB:HJA;&OF H
o W Diagram of the Radish anchor T —
i . | . ] 1 Conerent sgi

Slope CUtt| ng & TO}"OkD Line B _-Igj--. o [ \ g i i - - Contoliated sit

RADISH anchor\

%

Existing
embankiment

Cement-mixed
soil column wall

10
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Construction process ' TOKYU CONSTRUCTION

3)Arrangement of geogrid reinforcement

FY#EE LYUEE
Outbound lane “Inbound lane

E)(ISII embankment n
Outbound lane %ﬁ ~
. . Ve ¥ H_; 5%\_%991 reinforcgd emganEmeﬁ[ ;,
Geogrid-reinforced = =7
backfill overlying § gg N 2
nail-stabilized cut @ 58 x|
slope N
Toyoko Line
RC FHR
facing Existing

embankment

Copyright(C) Tokyu Construction. All rights reserved. 1 1



Construction process

Building the future on new foundations

&2 TOKYU CONSTRUCTION

4) Completion of RC wall (FHR facing)

Outbound lane

Geogrid-reinforced
backfill overlying

nail-stabilized cut
slope

RC FHR
facing

Copyright(C) Tokyu Construction. All rights reserved.

TYU&RE T
Outbound lane EIs

LY#HA
Inbound lane

- ik 1-- 29.\'.!’—
RADISH Anchor

ik
Vertical o
S0il

T SHEE
- 3 R

~~

Toyoko Line

Existing
embankment

A
[E# L -
Consolidated silt

.............
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Construction process = TOKVU CONSTRUCTION
4) Completion of RC wall (FHR facing)

TUYEE ETE tygEe
Outbound lane Inbound lane
After work

R Ve [y
oo
% :

L3E iwbabuh-
RADISH Anchor

AL |
Vertical detes

Copyright(C) Tokyu Construction. All rights reserved.
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Building the future on new foundations
Contents 2 TOKVU CONSTRUCTION

Typical Construction Case Histories of RRR GRS
Structures

2. First Implementation of the RRR Method in
Indonesia: Perimeter Retaining Walls for the Jakarta
MRT Depot



Project Overview L TOKVU CONSTRUCTION

Connection of Jakarta north—-south and east-west by MRT
RRR method applied at southernmost depot of Phase 1 (2013 2019)

Phase-2 el '
(North-South) A _ Phase3 LA
--—~=. — A4 (East-West) £a- s
" . ey i P 50 Tabusg i _._rﬂ,.a-""fﬁ = -:=-_-4-=:Hh"= j‘l .; ! \E
< ! j__!‘,_r‘_"‘ --\.-.._L _‘ _ : +.;'-
e L ol ity AU TN T (ot L. o i T e R S — e
T ™
el
Pﬁase-1 |
I;[?%Eh (North-South) >
Depot | _ Tokyu-Wika Joint Operation
RRR Location| o @eaz—== CP101 & CP102

- f
Liebak Bulus _ w .

Copyright(C) Tokyu Construction. All rights reserved. 15



Project Outline

Building the future on new foundations

2 TOKYU CONSTRUCTION

Contents : CP101 Depot, Viaduct, Station
of CP101

Quantities : Area A=83,000m?2
of Depot Embankment V=300,000m?3

My 7

>~

Copyright(C) Tokyu Construction. All rights reserved.
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P rOJ' ect O u tl i n e Building the future on new foundations

<2 TOKYU CONSTRUCTION

j E 700m //
; == National road Lebak Bulus RRR GRS RW

d —~—
[ Station - %a% Na Uona\ yod /

PROPOSED LEBAK BULUS MRT STATION

0m10 5|0 109m
|

SCALE
1:1000@A1

Copyright(C) Tokyu Construction. All rights reserved.
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Adoption of RRR GRS structure T OKYY CONSTRUCTION

Tender drawings
(eventually not constructed)I

Geogrids

f Precast concrete panels,
J« discrete panels

e
e
B

SEQGRR 7

GEGERD &

GEOGRD §

2 /5000

GEOGRD -4 °

CEOCRD 3

e FRECAST. RETE BAEL
{SPEC hLST Q:S(GM

~ GEOGRD T

ELQ - GEDGR&}MY SR
- - g : ‘\ " da a“ .A,ﬁ o R

~GEDGR@‘J . L S
TR craveL B — |1 L~

Fanro et M) SRS F R S TR
sepaatoR  fle ke bl el

sa:— =+ Pile foundations

SPUNFLES L
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Adoption of RRR GRS structure T OKYY CONSTRUCTION

Tender drawings '/Jff‘:‘:' \ @®Tracks very close to the wall face
@Seismic design required

N

L S sing

{ GEUGER 7

__— OFence installation required
A

/Deta il \\

S

ra
GEGERE & ;y-

GEQLRD &

; EE‘QE“Rl‘D:é\‘ : : g 5000
‘ M‘kt;og:né;ak 3 _ ———* '

e e BRECAST CONCRETE BAEL
\ S .y (SPELIALIST CESIEH!

GRAVEL B20 BT i \

BEATERTEE =] f. .l J O

wam oo &= [0 Geogrid and
| fence foundation interfere

T—FE—-———FF-———FT P t©

T

o ~ % /

PRECAST RE

@O0Omission of piles required

Soft ground (N < 6) — stability without piles

Copyright(C) Tokyu Construction. All rights reserved. 1 9




Building the future on new foundations

Adoption Of RRR GRS StrUCtu re &2 TOKYU CONSTRUCTION

Widely applied to railway embankments in Japan

Can accommodate fence foundations on wall top
Allows omission of pile foundations — RRR GRS adopted for this project

Concrete Wall
Reinforcing Bar D13-£250 Double SD345 (H/V) h
Concrete 24N/mm’ \31 /cm
| WalT Anchor g
%all Anchor DI3 L=1500 Jh LrdB x 483 o
a nchor - -
L=5200 -
H: 8500, V: 6600 AN —
7 . -
7/ e -
g b2y - — e
§ M g - -7 ’
- L=2600Q -
Drain Pipe P
_’ ”
Rt
I‘_
b = e
i PR E
-
o~
Geogrid (Ta=34kN/m)
1 520100 N
Leveling Concrete t=100 1900

Foundation t=200

20
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Construction process

Building the future on new foundations

&2 TOKYU CONSTRUCTION

Anchor for concrete

formwork
Crushed stone Crushed Stone
-/ b /
WalT Anchor | / WalT Anchor

(48 %48 %5 -
L=5200 -~

— gl ' Backfill
" L=260Q -7
 Geogrid
=—reinforcement
’ 52£+n. Geogrid (Ta=34kN/m) . Geogrid (Ta=34kN/m)
% } 1900 0 1900
t=200 t=200

RC FHR facing

Crushed Stone

WalT Anchor
L-48x48x5 .

L=5200 -~

2,
5\ 30

Geogrid (Ta=34kN/m)

Copyright(C) Tokyu Construction. All rights reserved.
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Problem Solving by Adopting RRR GRS

Building the future on new foundations

&2 TOKYU CONSTRUCTION

Challenge 1: Tracks very close to the wall face
-Proven performance in Japanese railway embankments
-Stable reinforced-soil structure suitable for narrow spaces

Challenge 2: Seismic design required

-Excellent seismic performance with extensive track record

Copyright(C) Tokyu Construction. All rights reserved.

Concrete Wall

Reinforcing Bar D13-8250 Double SD345 (H/V)

Concrete 24N/mm*

|L
T

—

X

4000

Rall Anchor D13 L=1500

H: 8500, V: 6600 N

Drain Pipe

1:0.05

\ WalT Anchor P
-&h L-48x 485 L -
L=5200 _-~

PR

100

1
Leveling Concrete t=100

Foundation t=200

Geogrid (Ta=34kN/m)
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Problem Solving by Adopting RRR GRS

Building the future on new foundations

&2 TOKYU CONSTRUCTION

Challenge 3: Fence installation required
-RC FHR Facing allows direct connection with fence and pole

foundations

Challenge 4: Omission of piles required
-Reinforced-soil structure built first to stabilize the ground

-RC FHR Facing constructed afterward, enabling safe construction
even on soft ground

ed Stone

loq—ﬁ

Wall Anchor
L-48x48x5 -

after soil stability is confirmed

RC facing cast in place

Copyright(C) Tokyu Construction. All rights reserved.

Concrete Wall

Fence pole

™~

Ea
¥

ﬂV FILL LEVEL |

Anchor bolts

RC facing ‘

s

Reinforcing Bar D13-6250 Double SD345 (H/V) 70
Concrete 24N/mm’ \m Crushed St« I
°q—
WalT Anchor -
L-48x48x5 -7
Rall Anchor D13 L=1500 L=5200 L

H: €500, V: 8600

-

1
Leveling Concrete t=100 l

Foundation t=200

Geogrid (Ta=34kN/m)
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Construction process

Building the future on new foundations

&2 TOKYU CONSTRUCTION

1. Placement of Geogrid

-5
n =

"y

-

Copyright(C) Tokyu Construction. All rights reserved.

Crushed Stone

B/

1:0.05

WalT Anchor
L-48x48x5

7

|
L=5200 _-~

-

=200

ko Geogrid (Ta=34kN/m)
1900
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Construction process

Building the future on new foundations

&2 TOKYU CONSTRUCTION

2. Temporary Facing Unit of Welded Wire Mesh

e

Compactmg crushed stone

Copyright(C) Tokyu Construction. All rights reserved.

Folding geogrid

Crushed Stone

=

Wall Anchor
L-48x48x5

7

L= 5200 R

-7
-

-
-

L=260 -~

I

1 Geogrid (Ta=34kN/m)
po 1900 —]

-
-

-
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Building the future on new foundations

Construction process ' TOKYU CONSTRUCTION

3. Compaction of Backfill Material

St i

i-h--*aui-‘ i | ._‘_ by

lma

Sreading of sandy material Compacion with Vibratory
Roller

Geogrid (Ta=34kN/m)
ko N
po 1900 ——

26
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Building the future on new foundations

Construction process 2 TOKVU CONSTRUCTION

4. Installation of anchor for the concrete formworks

Crushed Stone

=

Wall Anchor

/48 x 48 x5 A
L=5200 _-~

-

ﬂ“‘%’
(\P2
U0

7% -

720
- X2 -7

7///'
20

0
o 7

Geogrid (Ta=34kN/m)

27
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Construction process = TOKVU CONSTRUCTION

5.Completion of Reinforced soil (before the construction of FHR facing)

Crushed Stone

WalT Anchor
A AO e AD s £

Geogrid (Ta=34kN/m)

28

Copyright(C) Tokyu Construction. All rights reser



Construction process = TOKVU CONSTRUCTION

6.Completion of RC wall (FHR facing)

Crushed Stone

WalT Anchor
L-48x 48 x5 /]

L=5200 _-"

Geogrid (Ta=34kN/m)

29
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I nteg ratl O n With Fe n Ce FO u n d atl O n Building the future on new foundations

&2 TOKYU CONSTRUCTION

Fence pole

Top of RRR backfill with Railway track

Electric pole

I Anchor bolts
[T 2T 7T~

epet 14 L maaa

RC facing

Copyright(C) Tokyu Construction. All rights reserved.
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Overall of the view depot T OKYY CONSTRUCTION

i Fence

RC wall

Copyright(C) Tokyu Construction. All rights reserved. 3 1



C Building the future on new foundations
Ontents <2 TOKYU CONSTRUCTION

Typical Construction Case Histories of RRR GRS
Structures

3. GRS Integral Bridges for the Sanriku Railway
Reconstruction Project

Copyright(C) Tokyu Construction. All rights reserved. 3 2



Background L OKVU CONSTRUCTION
The 2011 off the Pacific coast of Tohoku Earthquake

41° |
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{ ITanOhatan /_-I Halpe sawa Bridge
ey )
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f( AT K0|korobe -sawa Bridge
40° T ‘ |
- . . . . ﬂi(fif}‘
), o i, |Sanriku Railway Rias Line .. Shimanokoshi Area
L=163 km TG ~
» m
Eﬂﬁl?ﬁzﬁ :i
% |l—L
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A w ! )
- V/Zl _ e ! DRI x
Vo » o KL \I
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%l’-m?-
A 2 ; }
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Ty & o
36" 12 e

¥
<
m
g
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Q
ﬂré_r'ﬂ
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35"
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Background Balldng the naturs onnew Toumations

The 20}*1 off the Pacific coast of Tohoku Earthquake

-

— )
- -
-—

Halpe-sawa Bridge B 34

- Shlakh| Viaduct o
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Adoption of RRR GRS structure = TOKVU CONSTRUCTION

Structure & Features of the GRS Integrated Bridge(Shimanokoshi area)
GRS integrated bridge with a two-span continuous girder and a central pier located in
a river: bridge length: 27.4 m / Height: 8.4 m / Width: 20.0 m
Geogrid-reinforced embankment constructed also over the bridge

20.0m
EGA oD ABZ < 00000100085 00 (10006, ) >
10800 2500 27400(27417) 2500
T2000(12008) 1000) 12000 (17008) Vi ) s394
LERET 200500 22000(20108) 15001207 77O—FJawvsy B
”lLE;E E ;EU]>'7|J_|~I
B — | 0
27.4m Z
N o = /'./
= g <L L KN/
7 Y 1 7%354 M Tea= m
8.4m BB == T s
- - I/, & RN / BTHEN S

— =7 P 7 % \\ Y F7¥25341Tea=30 kN/m —

S v AT BEA R 5 770—FJOovy o atBARE
= ji*ﬁgi*; - 111 ERBE®RH XS FREE S0 50008065 | 9500(9506.5) 50

AU FHRET % N | ERMEH e -
| 13300 == E@ 7 13300

T RCEBFITHH $1200  \RBHE ] ! - E ’
Criny [=17000 =% (R R At 1) MA——
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Construction process

®

Ground improvement and cast-in-place concrete pile (CIP pile) for the central pier

Building the future on new foundations

&2 TOKYU CONSTRUCTION

Discarded abutment & pile foundations of collapsed

simple-girder bridge

\
|

3. 0%o

12

I
\eZzZz

1M
'l
77
42

Construction of the front part of approach blocks of bridge abutments on both sides

Copyright(C) Tokyu Construction. All rights reserved.

36



Construction process e e coNeTRa O Tan

(3 Construction of FHR facing and central pier

3. 0%o0

=

@ Installation of tem!ooorary girder suppc

Rt )

=i =) PS¢ =
‘ /A_‘IIM!I.!&I&!!III, =

-

37
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Construction process © TOKYU CONSTRUCTION

(B Construction of approach block and continuous girder

3. 0%o

AW

77 Zi
////A=AIH}
7

/ Jil

— - ////l/'{/,/,/ ‘._‘—“:‘/_—

e\ \C77:74 : ,
NN 77 M — - /

NSNS LLLLLL L

(® Construction of oyer-lying GS
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) T
BT i 1400 —— FFR—FTaws
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RL
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V. yal! !
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Construction procedures = TOKVU CONSTRUCTION

Before re- constructlon

éGround |mprovement by Sand Compactlon Piles

b e o Samati s ST
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Construction process e e coNeTRa O Tan
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Construction process = TOKVU CONSTRUCTION

|l

%Constructlon of abutments and central pler

;_-u_.___
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Constru ct|on process ST S e

elnforced 50|I constructlon and sIab concrete castlng
L - D e It "
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Construction process = TOKVU CONSTRUCTION

e Y
L] 4
S e e Laidis g

T =

struction of GRS structures
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Construction of Approach Block for GRS abutment  %'Fokvu'construction

General view
Approach Block T

' Placement of geogrid

y

uALaNNLaNLaNRan

Longer geogrid layer (60kN/m)
Standard geogrid layers (30kN/m)

Cement-Mixing of fill material in a Soil Tank
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Full-Service Restoration S TOKYU CONSTRUCTION
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Conclusions U CONe TR o

Case Histories of the Construction of RRR GRS Structures
-Presented three RRR case histories with different project goals

-RRR technology effectively resolved site-specific technical
challenges

-Demonstrated a high flexibility in different projects: embankment
widening, depot retaining structures, and GRS integral bridge

-RRR continues to contribute to safer and more resilient railway
infrastructure

Thank you for your kind attention

Copyright(C) Tokyu Construction. All rights reserved.
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